Background: It is likely that disease specific infectious morbidity is under-reported. Microbiologically identifiable diseases may be "hidden" in ICD-10 code as "unspecified" disease. Aims: To estimate the proportion of "unspecified" morbidity of infectious cause in infants and young children reported by Hospital Episode Statistics (HES) in England in 1999 that could reasonably be attributed to Streptococcus pneumoniae, and to calculate what number and proportion of diseases could potentially be prevented by a programme of pneumococcal conjugate vaccination. Methods: Proportions of HES "unspecified" septicaemia, meningitis, and pneumonia attributable to pneumococcal infection were estimated by applying theoretical rates obtained from studies using highly sensitive diagnostic tests. The numbers obtained were added to those coded as pneumococcal in origin. The vaccine preventable proportion was then calculated using serogroup coverage, disease specific efficacy, and vaccine uptake. Results: For infants and children 3 months to 5 years of age in 1999, HES reported 134, 245, and 216 episodes of pneumococcal septicaemia, meningitis, and pneumonia respectively. In addition, 68, 36, and 2548 episodes of "unspecified" disease respectively are probably pneumococcal in origin. For hospitalisations in England in this age group, 157/202 (78%) cases of pneumococcal septicaemia, 218/281 (76%) cases of pneumococcal meningitis, and 452/2764 (16%) cases of pneumococcal pneumonia may be preventable annually by means of pneumococcal conjugate vaccination. Conclusions: Paediatric hospital morbidity in England due to pneumococcal septicaemia, meningitis, and pneumonia is under-reported by 34%, 13% and 92% respectively. A larger proportion of morbidity is preventable than implied by ICD-10 code alone.
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T he application of sensitive molecular tests such as the polymerase chain reaction (PCR) to the diagnosis of infectious diseases may gain wider acceptance with the publication of the Department of Health document Getting ahead of the curve. 1 Application of these tests can lead to the inclusion of a proportion of cases of otherwise "unspecified" infection being assigned a definitive microbiological diagnosis. This approach has recently been applied theoretically to pneumococcal infection where the actual mortality rate due to invasive pneumococcal disease (IPD) for the year 1999 in infants and children 1 month to 4 years of age in England and Wales was found to be 43 deaths per year, around three times the published rate. 2 The number of deaths in that age group potentially preventable with 7-valent pneumococcal conjugate vaccine (PCV) was found to be 26 per year (60%), the same number as prevented with Haemophilus influenzae type b (Hib) vaccine. A US study based on the Active Bacterial Core Surveillance and the National Vital Statistics System for the period 1996-98 concluded that IPD deaths in all age groups may be underestimated by between 15% and 45%. 3 The present study examines the possibility that, in addition to mortality, pneumococcal morbidity is under-represented in published data, in this case in Hospital Episode Statistics (HES). It also calculates what proportion and number of cases of pneumococcal septicaemia, meningitis, and pneumonia could potentially be prevented by 7-valent PCV.
METHODS
HES data are compiled from over 300 NHS authorities in England; the most recent primary episode data available, for the year 1999, were used. The age group analysed was 3 months to 5 years. It was assumed that each period of care under a consultant represents a distinct episode of disease in an individual patient. Infants and children suffering multiple episodes of septicaemia, meningitis, and pneumonia were assumed to be in a minority. 4 A full description of the theoretical basis for this methodology is to be found in the related "mortality study", 2 with the exception that a lower rate (12.5% versus 45%) of "unspecified" meningitis potentially due to Streptococcus pneumoniae has been utilised. Briefly, PCR, latex agglutination, and other alternate methodologies to microbiological culture have been applied in various studies to the detection of Streptococcus pneumoniae in paediatric patients. [5] [6] [7] The authors of these studies applied such tests to subjects with culture negative "unspecified" septicaemia, meningitis, or pneumonia, thereby estimating the proportion possibly due to pneumococcal infection (table 1) . In the present analysis the implications of these tests, mainly pneumolysin PCR, were applied theoretically to the "unspecified" morbidity due to septicaemia, meningitis, and pneumonia reported by the HES.
By applying the same theoretical model used in the "mortality study", 2 it was assumed that 16% of "unspecified" septicaemia, 5 12.5% of "unspecified" meningitis, 6 and 36% of "unspecified" pneumonia 7 is pneumococcal in origin. These proportions were reduced by 20% to account for those who may be coincidental nasopharyngeal carriers of Streptococcus pneumoniae. 8 HES data were gathered by ICD-10 code as follows: pneumococcal septicaemia, meningitis, and pneumonia-A403, G001, and J13 respectively; "unspecified" septicaemia, meningitis, and pneumonia-A419, G009/G039, and J180/J181/J188/J189 respectively.
The preventable proportion of 1999 pneumococcal morbidity was then calculated on the basis of 85.8% serogroup coverage, 9 a 7-valent PCV efficacy of 97.4% for IPD, 10 an efficacy of 20.5% for pneumococcal pneumonia, 11 and a vaccine uptake of 93%. Table 2 shows the results. For infants and children aged 3 months to 5 years in England for the HES reporting period 1999, there were 379 hospitalised cases coded as pneumococcal septicaemia and meningitis, and 216 episodes coded as pneumococcal pneumonia. If more sensitive diagnostic tests had been applied, an additional 104 cases of "unspecified" septicaemia and meningitis, and 2548 cases of "unspecified" pneumonia would probably be assigned pneumococcal aetiology. Thus, morbidity in England resulting from pneumococcal septicaemia, meningitis, and pneumonia may be underestimated by 34%, 13%, and 92% respectively. While, in particular, pneumococcal septicaemia is underestimated by 49% in the age group 3-5 months and pneumococcal meningitis is underestimated by 33% in the age group 3-5 years, pneumococcal pneumonia is underestimated in all age groups. Of the 8853 cases of "unspecified" pneumonia in the age group 3 months to 5 years, 5317 (60%) are coded J181 lobar pneumonia. Table 2 also shows the proportion of pneumococcal morbidity that may be preventable contingent on a universal immunisation programme with 7-valent PCV. The greatest impact of such a programme would be on the age group 3-5 months where the model predicts a 37% reduction in morbidity. In all the age groups this reduction is 20% or greater. For meningitis in the age group 3 months to 5 years, 218 cases would be prevented yearly in England alone which, at 14 days per admission represents not only around 3000 hospital inpatient days saved, but a considerable burden of sequelae prevented.
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RESULTS
DISCUSSION
The major contributor to this analysis for estimating the likely morbidity burden of pneumococcal disease in England is pneumonia. This reflects the lack of microbiological precision in diagnosing pneumonia. By contrast the considerable underestimate of pneumococcal septicaemia is in infants 3-5 months of age and of pneumococcal meningitis is in children 3-5 years of age. In the former the empiric use of antibiotics is Table 1 Summary of sensitivity and specificity of PCR, latex agglutination, and other tests in the detection of pneumococcal septicaemia, meningitis, and pneumonia, and the application of these tests to "unspecified" septicaemia, meningitis, and pneumonia in the cited studies ( the most likely explanation, while in the latter it is probably missed or delayed diagnosis due to the insidious clinical presentation of pneumococcal meningitis.
The main source of microbiological data for pneumococcal morbidity comes from the Public Health Laboratory Service, 9 13 although there are no data provided on "unspecified" disease and therefore limited potential to calculate the extent of under-reporting. Enhanced surveillance in England and Wales is one possibility for calculating this, 14 and a national register is another. 15 The whole UK population is around 20% greater than that for England alone, which would mean that the UK hospital episodes in this age group would be around 3900 and the preventable number would be around 1000. It is possible that the extent of under-reporting extends not only throughout the hospital system but also in general practice, where cases of pneumonia are seen without referral to a paediatrician.
The studies applying alternate tests to "unspecified" disease [5] [6] [7] first seek to establish the sensitivity and specificity of the test in infants and children with known disease or absence of disease confirmed by blood culture. They then apply the test to infants and children who are suspected of having disease but are culture negative. The study by Zhang and colleagues 5 was performed in the USA, while that by Berkley and colleagues 6 was performed in Africa and that by Toikka and colleagues 7 was performed in Finland. It is possible that the rates of PCR positivity are different in the UK.
When comparing the present analysis with that in the pneumococcal mortality paper, 2 it should be noted that two independent data sets were utilised, the Office for National Statistics in the former and HES in the latter. In the former, 43 deaths were described: five due to septicaemia, 13 due to meningitis, and 25 due to pneumonia. It is not clear precisely where these infants and children died. Although there may be some overlap, the effect on the morbidity numbers, 202, 281, and 2764 respectively, would be minimal. However, assuming that all the deaths were in hospital, this translates into case fatality rates of 2.5%, 4.9%, and 0.9% for pneumococcal septicaemia, meningitis, and pneumonia respectively.
Recently, 7-valent PCV has been recommended for certain at-risk groups in the UK, 15 although the majority of cases of pneumococal infection occur in infants and children without recognised risk factors. A universal programme of infant and early childhood 7-valent PCV immunisation could lower paediatric pneumococcal morbidity in the UK. At least 827 courses of antibiotics may be prevented in England alone, and maybe more, given the possibility of a generalised decreased use of antibiotics in the era of widespread infant and early childhood pneumococcal immunisation. 16 Assuming an average length of admission of 7 days for septicaemia, 14 days for meningitis, and 2 days for pneumonia, this also represents around 5055 preventable inpatient days.
Until specimen collection and transport is optimised, and molecular techniques are applied more widely, a number of infections such as those caused by Streptococcus pneumoniae, and other pathogens such as Mycobacterium tuberculosis and hepatitis B virus, will remain under-reported and "hidden" in code.
CONCLUSIONS
(1) Microbiologically identifiable diseases may be "hidden" in ICD-10 code.
(2) Further studies are needed in the UK using pneumolysin PCR assays in order to identify clearly the number of pneumococcal infections that are really "hidden" in ICD-10 code. (3) Morbidity in England resulting from pneumococcal septicaemia, meningitis, and pneumonia may be underestimated by 34%, 13%, and 92% respectively (4) A larger proportion of morbidity due to septicaemia, meningitis, and pneumonia is preventable than that implied by ICD-10 code alone. For hospitalised cases in England in infants and children 3 months to 5 years of age, 157/202 (78%) cases of pneumococcal septicaemia, 218/281 (76%) cases of pneumococcal meningitis, and 452/2764 (16%) cases of pneumococcal pneumonia may be prevented by means of a programme of universal infant 7-valent PCV immunisation.
